Lack of an adequate experimental model has hindered the ability to fully understand scleroderma (SSc) 
Introduction

Scleroderma (SSc) is an autoimmune disease characterized by excessive accumulation of components of the extracellular matrix (ECM) leading to skin and tissue fibrosis. Despite intense investigation, the factors leading to this abnormal ECM production and reduced ECM degradation are not fully elucidated. A recent gene array identified distinctive gene profiles for SSc patient skin with 1800 qualifier genes significantly distinguishing SSc skin from normal skin [1]. A second gene array by Milano et al. grouped SSc gene expression profiles into three groups of diffuse SSc and two
groups of localized SSc that each possessed a unique gene signature [2] . This demonstrated phenotypic variation between SSc patients presents a significant challenge in trying to understand biochemical pathways involved in the fibrotic process. Although fibroblast cultures isolated from SSc skin biopsies do not fully recapitulate the biopsy signature [1] , nonetheless they have been the cornerstone of many landmark studies in SSc research [3, 4] .
Distinct phenotypes with respect to collagen I mRNA production have been detected in normal and SSc fibroblast populations within the same tissue. Using in situ hybridization, low and high collagen ␣1(I) mRNA-producing fibroblasts were detected in normal and SSc tissue sections with SSc skin having a higher distribution of high collagen ␣1(I) mRNA-producing fibroblasts [5, 6] . A close relationship between the percentage of cells expressing high levels of collagen ␣1(I) and collagen ␣1(III) mRNA and histological findings in SSc skin has also been shown [7] . The activation of a select group of fibroblasts in SSc tissue is difficult to investigate without isolating these activated fibroblasts and characterizing their phenotype.
The origin of high collagen-producing fibroblasts in SSc is a topic of debate in the field of research. SSc fibroblasts are likely to derive from multiple sources (resident fibroblast activation, bone marrow, endothelial-mesenchymal transition)
, which may contribute to their heterogeneity [8] . Gaining The hTERT gene was chosen for this study because of its potential ability to extend the lifespan of cultured fibroblasts [9] . It has been reported that the introduction and forced expression of hTERT can rescue cells from crisis and establish immortal cell lines [10] . A major limitation of studies with cultured fibroblasts is the finite lifespan of these cells. After 50-75 population doublings, adult skin fibroblasts will senesce by irreversibly arresting in the G1 phase of mitosis [11] [12] [13] . Senescence prevents excessive proliferation, which is a characteristic of cancer cells. To achieve unchecked proliferation, two mortality checkpoints must be overcome [14] . The first checkpoint, replicative senescence or M1, is regulated by the CDK inhibitors p21 and p16, which function in the p53 and Rb tumour suppressor pathways [15] . An important factor in M1 occurrence is the erosion of telomeres that occurs with each cell division in cells lacking telomerase activity [16] . Ectopic expression of hTERT, the catalytic component of telomerase, can reverse the effects of telomere loss and under appropriate conditions enables many types of human cells to bypass the M1 checkpoint and extend their lifespan [17] [18] [19] . The second checkpoint, crisis or M2, is described as a process in which continued proliferation is counteracted by extensive cell death [20] [14] . The majority of cells that escape crisis and become immortal express the enzyme telomerase, which maintains telomeric structure through continuous cell division [12, 16] . 
Construction of lentiviral vectors
Infection of cultured fibroblasts
measured including desmin, collagen XI and tenascin C showed a similar expression pattern to FBN2 with only slight variation among hTERT clones from the NS and SSc populations (data not shown). Consistent with the mRNA findings, the protein expression of collagen I, CCN2 and TSP1 displayed heterogeneous patterns among SSc and normal clones (Fig. 3B and C). Individual clonal expression of each protein reflected mRNA expression. The strongest agreement between mRNA and protein expression in SSc was observed in collagen I (Fig. 3B). Based on recent studies that demonstrated activation of the TGF-␤ receptor type I (TGF-␤ RI)/Smad1 pathway in a subset of SSc patients [22, 23], we also assessed protein expression of TGF-␤RI, Smad1 and pSmad1 to detect the presence of altered TGF-␤ signalling in these clones. Only one clone, S3, showed elevated expression of TGF-␤RI, Smad1, pSmad1 and ECM proteins suggesting altered TGF-␤ signalling. In other clones (S1, S4, and S9), ECM proteins were elevated, but altered TGF-␤R1/Smad1 signalling was not observed suggesting activation of an alternative signalling pathway. Evidence that SSc fibroblasts from the same biopsy can be activated in different ways further underscores the complexity of SSc. Smad1 levels could not be measured in SSc 341 clone 6 because this clone reached crisis. NS342 clones also demonstrated heterogeneous expression of ECM proteins (Fig. 3C). Overall, NS342 clones showed lower levels of ECM proteins than SSc clones. N2 and N7 showed moderately elevated levels of collagen I. N2 also showed elevated levels of CCN2. Levels of TSP1 were increased in N5, N7 and N10. Although total Smad1 levels varied between individual clones, TGF-␤RI and pSmad1 were not elevated in any NS342 clones demonstrating that TGF-␤/Smad1 signalling was not activated.
Similar mRNA and protein analyses were performed for the SSc345 and NS346 hTERT clones (Fig. 4) were heterogeneous and showed a good correlation between mRNA and protein expression (Fig. 4B and data not shown) Figure  6 . TGF-␤ and TNF␣ are classical mediators of the fibrotic response [24, 25] , while S1P and dhS1P were recently shown to regulate collagen production in an opposite manner [26] . 
This adds further complexity to SSc because the means of activation varies between individual fibroblasts from the same biopsy and also between biopsies from different patients.
Correlative expression of COL1A1 and CCN2 mRNA in NS/SSc clones
TGF-␤ responsiveness is maintained in hTERT clones
SSc and normal clones from each pair of biopsies were treated with TGF-␤, sphingosine-1 phosphate (SIP), dihydrosphingosine-1 phosphate (dhSIP) and tumour necrosis factor ␣ (TNF␣) in
